
Applications of AFM to 

tribology studies 

Tribology: the science of contact, 

adhesion, friction, wear, … 



The Continuum mechanics view 



Models including attraction between bodies: JKR and DMT 
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Single asperity: the basic 
unit of contact mechanics 
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Friction force microscopy 
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Bending and twisting 
long-chain molecules 

Terminal gauche 
deformations 

Rigid chain tilts Internal gauche deformations 

Easiest to produce 
because terminal 

groups have few steric 
constrains 

Most favorable deformation 
due to strong chain-chain 
attractive forces and steric 

constrains 

Most difficult to 
produce in compact 
films due to steric 

constrains 



Friction and structure of alkane-chain SAMs under pressure 

C12 silanes on mica 
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C16 thiols on gold 
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E. Barrena, C. Ocal and M.Salmeron. J. Chem. Phys. 113, (6), 2413 (2000)  



Molecular tilting starts at island periphery 

L = 10 nN L = 25 nN L = 35 nN 

Molecular density increases from the 

edge to center due to slow diffusion 

and aggregation processes 

nth plateau nth+1 plateau 

H
e
ig

h
t 
o
f 

is
la

n
d
  
(Å

) 

Load (nN) 

Center= nth plateau 
Periphery = nth+1 plateau 

0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 

-35 -15 5 25 45 65 85 105 

E. Barrena, S. Kopta, D.F. Ogletree, D.H. Charych and M. Salmeron. Phys. Rev. Lett. 82, (14), 2880  (1999)  

Alkylthiols on gold(111) 

Alkylsiloxanes on mica 



The explanation:  Concerted molecular tilting of alkane chains 
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Experimental (C16)                                   2D model   

   Height (Å)   n   m/2       Height (Å) 
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Stability of tilted phases 

C12 silanes on mica 
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Are the tilted phases stable 

only under the load of the tip ? 



Geometrical constrains for tilted phases 

(1b)        2511500 
2

       , 
 

tan

(1a)           2511500        , 
d

 
tan

X

...     , ., , ., =
m

d

am

 ..., ., , ., = n 
an

Y

Y

X

=

=

q

q

Chain–locking conditions: 

yyy

xxx

L'm/dcos

L'n/dcos

=q

=q
Commensurability conditions: 

Locking + Commensurate 

qx 

X 

dx 

a 

Locking + Incommensurate 



B2 B3 

Au(111) 

B1 

B2 B3 

A 

A:  (3x3)R30o B:  (2x3)rect 

3 Domains  

n     = 0 

m/2 = 1 

n     = 1        = 30o -35o 

m/2 = 1.5      = 50o 
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Imaging load = 0 nN 

Mechanical stability: C18 thiols on gold 

E. Barrena, C. Ocal and M. Salmeron. J. Chem. Phys. 114, 4210 (2001)  

16 nN ~ 1 GPa 



The Amazing Friction 

properties of Graphene 



Friction changes with scanning direction in each domain 



Anisotropy Periodicity is 180o ! 

Science. 333, 607-610 (2011) 



 The ripples on graphene form preferentially along crystallographic directions of 

easy bond bending: zig-zag, arm chair, …. 

Formation of ripples due to local pinning on the Si wafer 

See Carpick et al. Science 328, 76 (2010) 



WEAR 



Wear of mica at large loads 
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Atomic scale friction and wear of mica. J. Hu, X.-d. Xiao, 
D.F. Ogletree and M. Salmeron. Surf. Sci. 327 (3), 358 (1995). 
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Mica wears layer-by-layer at low loads due to accumulation of 

point defects produced by the tip-surface interaction 



The structure of mica 
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